One chance to get it right-this is a basic tenet of pediatric imaging. Not only is speed crucial, but the images need to be reproducible. 1 Tomographic ultrasound imaging (TUI) addresses both of these issues. TUI allows for a rapid 3D sweep that can be divided into individual images using a defined number of slices and a particular slice thickness, similar to the process used in 3D computed tomography (CT). This tool saves time from conventional volume ultrasound as it makes the generation of key images from the volume data set more efficient and reproducible. 2 The purpose of this study is to determine the timesaving of TUI with neonatal neurosonography and discuss the potential impact of this application from the perspective of the patient, sonographer, and radiologist.
The purpose of this study was to determine the time savings of 3D compared to conventional neonatal neurosonography protocols. The time required to perform 3D (scan and reconstruction) and conventional neonatal neurosonography examinations was measured in 17 patients. Threedimensional scanning and reconstruction resulted in an average time savings of 8 minutes and 36 seconds per examination compared to conventional neonatal neurosonography protocols. In conclusion, the time savings from 3D with tomographic ultrasound imaging can have a significant impact on patient care and sonographer productivity.
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A total of 17 patients with an average gestational age of 29 weeks (23-40 weeks) and birth weight of 1286 g (590-3541 g) were examined between May 15 and June 5, 2006.
Neurosonography examinations were performed using an 8C transducer and a 4D8C volume transducer on a LOGIQ9 sonography system (GE Healthcare, Wauwatosa, Wisconsin) using both conventional and 3D neonatal neurosonography protocols. The conventional protocol consists of full-field sagittal midline, right and left parasagittal, and coronal imaging through the anterior fontanelle using the 8C probe. Three-dimensional imaging was performed through the anterior fontanelle with the 4D8C probe and stored as a 3D volume set. Both conventional and 3D protocols include high-resolution near-field sagittal midline views, right and left parasagittal and coronal views, transmastoid views of the posterior fossa, and color Doppler imaging of supratentorial midline veins using the M12L transducer. Volume Review multiframe loops were generated for each 3D volume and stored on the PACS.
During each examination, the time required for conventional and 3D scanning, M12L scanning, and 3D manipulation was manually timed using a stopwatch.
Postexamination 3D manipulation involved using TUI to simultaneously view multiple slices of each volume data set, shown in Figure 1 , and then sending these eight slices as individual 2D images to PACS, taking four clicks of a mouse.
Results
The average time required for each component of the neonatal examination is shown in Table 1 .
The conventional scan time (min:sec) ranged from 8:56 to 17:06, with a standard deviation (σ) of 2:18. The 3D scan time ranged from 3:10 to 7:23 with σ = 1:00. The M12L scan time ranged from 1:31 to 5:18 with σ = 0:56. The 3D manipulation time ranged from 1:33 to 5:30 with σ = 1:09.
The total time required to perform the Helen DeVos Children's Hospital neonatal head examination protocol with both conventional 2D scanning and with 3D techniques is also shown in Table 1 . These totals are shown graphically in Figure 3 demonstrate the contribution of each. In Figure 4 , the individual patient examination times are shown in this aggregation to show that TUI saved time in nearly every examination. Finally, the time saved as a percentage of procedure time is shown in Table 2 . Considering only the portion of the examination that was affected by using the new 3D technique, the results are even more striking. Removing the time required for the additional M12L scanning, which was common for both, these more narrow results are shown in Table 3 .
Discussion
Neurosonography is primarily performed in the neonatal intensive care unit (NICU) on sick premature or term neonates. These neonates are especially susceptible to their environment. Overstimulation and temperature changes can be detrimental and lead to hypoxia and hypoglycemia. 3 Therefore, a quick examination resulting in less stimulation and exposure is potentially beneficial in these vulnerable infants. In this study, the average examination time with 3D TUI was 8 minutes and 36 seconds faster than conventional imaging, which is a 64% reduction in exposure time due to sonographic scanning. Total procedure time (scanning time plus reconstruction time) was reduced by 5 minutes and 34 seconds, a 41% increase in efficiency.
Although training and protocols can help to standardize conventional neonatal neurosonography examinations, it is extremely difficult to obtain uniform imaging planes and duplicate follow-up examinations even for experienced sonographers. The use of volume data sets is beneficial to document consistent images and consequently is not dependent on sonographer skill level and perception. 4 Furthermore, there is a potential increase in technologist productivity, with a savings of more than five minutes per examination, even when including workstation reconstruction. 
Conclusion
Time savings from using 3D TUI in neonatal neurosonography can positively impact patient care, sonographer productivity, and sonographer ergonomics. TUI has the potential to rapidly and accurately perform most organ-specific sonographic examinations. The possibility of one sweep to collect an entire examination is now a reality.
